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(57) Abstract 

Endospore-forming bacteria present in a sample are detected or identified by adding to the sample primers which are specific for 
conserved regions in a coding region in the genome of the bacteria, and carrying out a DNA amplification procedure. In the detection 
method, any of the conserved regions present in the sample may be amplified, followed by analysing for the presence of the conserved 
regions. In the identification method, the conserved regions of the coding region are amplified, followed by analysing the amplified DNA 
obtained, the primers being such that they simultaneously amplify a variable coding sequence of DNA intermediate the conserved regions 
of the coding region, the length of the DNA fragment obtained from the amplification step being characteristic of a particular endospore- 
rming bacterium. 
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Method of Monitoring End nspore-Formine Bacteria 

The present invention relates to a method of monitoring 
endospore-f orming bacteria. 

Endospore-forming bacteria are important contaminants 
of food. Some of these bacteria are highly virulent pathogens, 
such as Clostridium botullnum and Clostridium perfringens. 
Bacterial spores are difficult to eliminate because they are 
resistant to heating and many other sterilising treatments. They 
can be introduced at almost any stage during food manufacture in 
raw materials or as a result of careless handling, lack of 
hygiene or the like. Constant monitoring of raw materials, food 
production plants, factories or the like is therefore necessary 
to guard against gross contamination of food by these pathogens. 

The spoOA gene (or related homologs) is believed to 
occur in many Gram-positive endospore-forming bacteria such as 
Bacillus and Clostridium and to be absent from all non endospore- 
forming bacteria. The SpoOA protein product of the gene is a 
member of the response regulator super-family of -two-component" 
signal transduction proteins. The SpoOA protein is an ambiactive 
transcription factor which is activated by phosphorylation to 
stimulate or repress expression of specific sets of target genes. 
In particular, the phosphorylated form of the SpoOA protein 
directly controls initiation of endospore formation and also 
inf luences, typically via an indirect mechanism, other stationary 
phase phenomena in endospore-forming organisms. 

The SpoOA protein has highly conserved regions within 
its carboxy and amino terminal domains, which domains are 
connected by a linker region, which region varies in sequence and 
length depending on the organism. 

Likewise, another gene, degU (or a related homolog) 
concerned with regulation of extracellular enzyme production in 
endospore-forming bacteria has also been found to have a 
conserved two-domain structure connected by a variable linker 
region. 



WO 96/12038 PCT/GB95/02418 

j 

-2- 

It has also been found that gene organisation in 
endospore-f orming bacteria is substantially conserved. The 
highly conserved genes are connected by intergenic linker (non 
coding) regions of variable length, depending on the organism. 

We have found that these conserved regions provide an 
effective marker for monitoring endospore-f orming bacteria and 
that the variable linker regions separating the conserved regions 
provides highly specific markers for identifying individual 
species of endospore-f orming bacteria. 

Accordingly, there is provided by one aspect of the 
present invention, a method of monitoring endospore-f orming 
bacteria present in a sample, which method comprises the steps 
of adding to the sample primers which are specific for conserved 
regions in a coding region in the genome of said bacteria, which 
coding region comprises two domains with a linker region 
connecting the two domains and which coding region is 
characteristic of an endospore-f orming bacterium, carrying out 
a DNA amplification procedure so as to amplify conserved regions 
of the coding region present in said sample; and analysing for 
the conserved regions. Thus, advantageously, it is possible by 
using DNA amplification technology to monitor the presence of 
endospore-f orming bacteria which might be present in a given 
sample. The presence of DNA corresponding to the conserved 
regions is indicative of the presence of endospore-f orming 
bacteria. 

In one embodiment of the invention, the conserved 
regions comprise segments of the amino and carboxy terminal 
domains of a single gene, such as spoOA or degU , the conserved 
regions being linked by the variable linker region. In an 
alternative embodiment of the invention, the conserved regions 
of the coding region comprise segments of separate adjacent genes 
such as spoIVB and spoOA whose disposition in the genome of the 
endospore-f orming bacteria is highly conserved, and which genes 
are connected by a variable intergenic linker region. 

According to a second aspect of the present invention, 
there is provided a method of identifying endospore-f orming 
bacteria, which method comprises the steps of adding primers to 
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a sample containing endospore-f orming bacteria, said primers 
being specific for the conserved regions of a coding region in 
the genome of the bacteria, which coding region is characteristic 
of an endospore-f orming bacterium, carrying out a DNA 
amplification step so as to amplify conserved regions of the 
coding region and analysing the amplified DNA obtained, wherein 
said primers are such that they simultaneously amplify a DNA 
linker region of variable length connecting the conserved regions 
of the coding region, the length of the DNA fragment obtained 
from said amplification step being characteristic of a particular 
endospore-f orming bacterium. 

Thus, advantageously, endospore-f orming bacteria 
which may be present in a given sample may be identified, based 
on the length of the variable DNA fragment connecting the 
conserved regions of the coding region, the linker region being 
amplified by the primers in addition to the conserved regions* 

In one embodiment, the conserved regions of the coding 
region comprise segments of the amino and carboxy terminal 
domains of a single gene, such as spoOA or degU , the conserved 
regions being separated by the variable linker region. 
Alternatively, the conserved regions comprise segments of 
separate adjacent genes whose disposition in the genome of the 
endospore-f orming bacteria is highly conserved and which genes 
and their disposition in the genome are characteristic of a 
particular endospore-f orming bacterium, the genes being connected 
by an intergenic non-coding region. 

Preferably, the amplification step comprises the 
polymerase chain reaction, isothermal amplification or the like. 
Thus, very small numbers of organisms present in the sample may 
be identified. The sample may be a clinical specimen, foodstuff 
or the like. 

The invention may be more clearly understood with 
reference to the following examples. 
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A pair of primers TIAARCCITTYGA and TAICCYTTIATRTGIGCIGGIACICC 
complementary to residues 107-111 (LKPFD) and 168-174 (PAHIKGY - 
reverse) of the deduced amino acid sequence of spoOA from B. 
subtllis were used to amplify DNA segments from several bacilli 
and Clostridia using a Perkin Elmer GeneAmp™ PGR System 2400. 
Each reaction tube contained 100. pmole of each primer, 0.5/ig of 
target DNA, all four dNTPs at 2 00jiM each, 50mM KC1, 2mM MgCl 2 , 
lOmM Tris/HCl, 0.001% gelatin (Sigma), pH 8,0, and 2 . 5U of 
AmpliTaq DNA polymerase (Perkin Elmer Cetus) . After denaturation 
for 5 minutes at 94°C samples were amplified for 35 cycles 
comprising a 40 second denaturation period at 94°C, a 4 0 second 
annealing period at 40°C and a 40 second extension period at 72°C. 
Amplified products were analysed by electrophoresis through a 



1.5% agarose gel. The results obtained are given in Table 1. 



Table 1 


Organism 


Approximate size of 
Amplified DNA Fragment 


Bacillus subtilis 


205 


Bacillus cereus 


195 


| Bacillus stearothermophilus 


185 


Bacillus megaterium 


190 


Bacillus brBvis 


180 1 


Clostridium beljerinckii 


215 | 


Clostridium butyricum 


230 


| Clostridium pasteurianum 


205 


1 Clostridium thermoaceticum 


170 


H Clostridium innocuum 


205 
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gyample 2 

Three of the species listed in Table 1, viz Bacillus subtllls, 
Clostridium pasteurianum and Clostridium innocuum gave PCR 
products of indistinguishable size. They were differentiated by 
their ability to hybridize with oligonucleotides corresponding 
to unique segments of the variable linker region of spoOA. 

The DNA fragments were transferred by standard 
capillary blotting methods to a nylon membrane (Hybond N, 
Amersham) and hybridized under stringent conditions with 24-mer 
oligonucleotides (see below) that had been labelled at their 3' 
ends with digoxigenin, using a commercially available 3 '-end 
labelling kit (Boehringer Mannheim) . In each case, the 
oligonucleotide specifically detected the PCR product derived 
from the organism from which the primer had been synthesized; 
none of the PCR products derived from any of the other organisms 
were detected. The sequences of the oligonucleotides employed 
in this experiment, together with the sequences of the 
corresponding region of the spoOA linker region, were as 
indicated in Table 2, 





Table 2 




Organism 


Peptide 


Oligonucleotide J 


B. subtilis 


NASSVTHR 


AATGCCAGGAGTGTGACGCATCGT | 


C. pasteurianujn 


KAADVKIS 


AAAGCTGCAGATGTAAAGATTTCT I 


C. innocuum 


EHISSNVL 


GAGCATATATCCAGCAATGTGCTT | 



Example 3 

Amplification of variable length products across the 
intergenic region separating spoTVB and spoOA. 

A pair of primers ATI G ARTGGATG YT and 
TAICCYTTIATRTGIGCIGGIACICC , complementary to residues 407-411 
(IEWML) of spoIVB from B. subtilis and 168-174 (PAHIKGY - reverse) 
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of spoOA from 3. sub tilis were used to amplify DNA segments fr m 
several bacilli and Clostridia using a Perkin Elmer GeneAmp^PCR 
System 24 00* Each reaction tube contained 100 pmole of each 
primer, 0.5pg of target DNA, all four dNTPs at 200/xM each, 50mM 
KC1, 2mM MgCl 2 , lOmM Tris/HCl, 0.01% gelatin (Sigma), pH 8.0, and 
2.5 U of AmpliTaq DNA polymerase (Perkin Elmer Cetus) . After 
denaturation for 5 min at 94 °C samples were amplified for 35 
cycles comprising a 40s denaturation period at 94 °c, a 40s 
annealing period at 40°C and a 40s extension period at 72°C. 
Amplified products were analysed by electrophoresis through a 
1.5% agarose gel. The results obtained are given in Table 3. 



J Table 3 


| Organism 


Approx. Size of 
Amplified DNA Fragment 
(bp) 


Bacillus subtilis 


860 


Bacillus megaterium 


760 


Clostridium beijerinckii 


1200 


Clostridium pasteurianum 


820 


Clostridium thermoaceticum 


700 
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CLAIMS: 

1. A method of monitoring endospore-f orming bacteria present 
in a sample, which method comprises the steps of adding to 
said sample primers which are specific for conserved 
regions in a coding region in the genome of said bacteria, 
which coding region comprising two domains with a linker 
region connecting the two domains, and which coding region 
is characteristic of an endospore-f orming bacterium, 
carrying out a DNA amplification procedure so as to amplify 
conserved regions of the coding region present in said 
sample and analysing for the conserved regions. 

2. A method according to claim 1, wherein said coding region 
comprises an individual gene, said conserved regions 
comprising the carboxy and amino terminal domains of said 
gene. 

3. A method according to claim 2 wherein said gene comprises 
spoOA. 

4. A method according to claim 1, wherein said coding region 
comprises segments of at least two adjacent genes, each of 
said genes coding for a distinguishable product. 

5. A method according to claim 4, where said adjacent genes 
comprise spoIVB and spoOA. 

6. A method of identifying endospore-f orming bacteria which 
comprises the steps of adding primers to a sample 
containing endospore-f orming bacteria, said primers being 
specific for the conserved regions of a coding region in 
the genome of said bacteria which coding region has a two- 
domain structure and is characteristic of an endospore- 
f orming bacterium, carrying out a DNA amplification step so 
as to amplify conserved regions of the coding region and 
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analysing the amplified DNA obtained, wherein said primers 
are such that they simultaneously amplify a DNA linker 
region of variable length connecting the conserved regions, 
the length of the DNA fragment obtained from said 
amplification step being characteristic of a particular 
endospore-f orming bacterium. 

7. A method according to claim 6, wherein said coding region 
comprises an individual gene, said conserved regions 
comprising the carboxy and amino terminal domains of said 
gene. 

8. A method according to claim 7, wherein said gene comprises 
spoOA. 

9. A method according to claim 6, wherein said coding region 
comprises segments of at least two separate adjacent genes 
coding for distinguishable products. 

10 A method according to claim 9, wherein said adjacent genes 
comprise spoIVB and spoOA 

11. A method according to any preceding claim wherein said 
amplification step comprises polymerase chain reaction 
amplification or isothermal amplification. 
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